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ABSTRACT 

We propose that the best sites to search for SGRs outside the Local group are galaxies 
with active massive star formation. Different possibilities to observe SGR activity 
from these sites are discussed. In particular we searched for giant flares from M82, 
M83, NGC 253, and NGC 4945 in the BATSE data. We present a list of potential 
candidates, however, in our opinion no good candidates alike giant SGR flares were 
found. Still, hyperflares similar to the one of 27 December 2004 can be observed 
from larger distances. From the BATSE data we select 5 candidates coincident with 
the galaxies Arp 299 and NGC 3256 which have very high rate of starformation, 
and propose that they can be examples of hyperflares; however, this result has low 
statistical significance. 
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1 INTRODUCTION 

Sources of soft gamma repeaters (SGRs) are one of the most 
puzzling types of neutron stars. Now at least four of them are 
known i n our Galaxy and in the Larg e Magellanic Cloud (we 
refer to IWoods fc Thompson! i2004l) for a recent summary 
of all properties of SGRs). SGRs show three main types of 
bursts: 



• weak bursts, L < 10 41 erg s 

• intermediate bursts, L ~ 10 41 -10 43 erg s" 1 ; 

• giant flares, L < 10 45 erg s _1 . 

Weak bursts are relatively frequent. About several hun- 
dreds were detected from 4 sources during ~ 25 yrs, i.e. 
the average rate is about 1 per month per source. However, 
these bursts appear in groups during periods of activity of 
a SGR. Duration is very short, ~ 0.1 s. Intermediate bursts 
have typical durations ~ few seconds and are much more 
rare. These two types of bursts will not be discussed below. 

Giant flares (GFs) are very rare. Only four GFs were 
observed (however, some authors do not include the burst of 
SGR 1627-41 on June 18 1998 into this list as it is slightly 
weaker then the others and shows a different pulse struc- 
ture). These flares are extremely energetic. Typical duration 
of the initial spike is about one second or smaller. The rate 
of GFs is very uncertain as only four were detected, usualy 
it is assumed to be just (1/20 - 1/30) yrs -1 per source. The 
latest GF detected on 27 December 2004 was suggested to 
be a representative the forth class of bursts - "supergiant 
flares" or "hyperflares" (HFs). It exceeds previous GFs in 
the energy release by two orders of magnitude, and below 
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we consider this kind of events separately as they can be ob- 
served from larger distances, and potentially can contribute 
to s hort-hard GRBs det e cted by BATSE and other satellites 
(see lNakar et alJ <200Sft : iHurlev et al.l (l2005h and references 
therein). 

Being very interesting objects SGRs are very rare, prob- 
ably due to a short life cycle, 10 4 yrs, which can be connected 
with a short duration of a magnetar activity. It would be 
very important to detect these sources outside the Local 
group of galaxies to increase the sample. Especially it is in- 
teresting to understand the birth rate of SGRs and the frac- 
tion of NSs which appear as these sources. Any solid data 
(even upper limits) on the number of GFs and HFs detected 
from outside of the Local group can help here a lot. 

Here we want to discuss a possibility to observe SGRs 
outside the Local group of galaxie s (for p revious discussions 
of extragalactic SGRs see|DuncarJ ||200l|) and recent e-prints 
bv iNakar etafl ll2005l) : iHurlev et al.l j2005ll L Detection of 
such objects can give an opportunity to estimate a fraction of 
NSs which appear as SGRs on larger statistics. In this short 
note 1 we mainly focus on regions of active starformation. 

We will discuss two approaches to find GFs and/or HFs 
from sources outside the Local group: 

• Close-by (<10 Mpc) galaxies with high starformation 
rate should give the main contribution for detection of GFs. 

• Few galaxies with extreme values of starformation rate 
(so-called "supernova factories" ) are the best sights to search 
for rare HFs. 



1 This is just a brief discussion note, it is submitted only to the 
ArXiv, and should be refered by its astro-ph number. More elabo- 
rated results will be presented elsewhere (Popov, Stern in prep.). 
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Table 1. Close galaxies with high starformation rate 



Name 


Distance, Mpc 


SN rate per year 


M 82 


3.4 


0.1-0.6 


NGC 253 


2.5 


0.1-0.3 


NGC 4945 


3.7 


0.1-0.5 


M 83 


3.7 


0.1-0.5 



2 GIANT FLARES FROM LOCAL GALAXIES 
IN THE BATSE CATALOGUE 

As it is discussed by Heckman (1998) inside 10 Mpc about 
25% of starformation is due to only four well known galax- 
ies: M82, NGC 253, NGC 4945, and M83 (see Table 1). As 
probably BATSE could detect GFs similar to the prototype 
event of 5 March 1979 (Maz ets et alJll979f) only from short 
distances (< 3-5 Mpc), the contribution of these four galax- 
ies can be even more important. The main idea which we 
put forward here is the following: close-by galaxies with high 
present day star formation rate are the best sites to search 
for SGRs outside the Local group. 

Supernova (SN) rates presented in the table are ap- 
proximate ones as there are no estimates better than a 
factor of 2-3 precision. 2 We collected data from different 
papers. For example, th e rate fo r NGC253 is t aken from 
lEneelbracht et alJ lll998fl (see also lPietsch et alJ (1200 ll) ). In 
the following we will use the conservative intermediate val- 
ues: 0.4, 0.2, 0.2, and 0.1 for M82, NGC 253, NGC 4945, and 
M83 correspondently. In comparison with the Galactic rate 
of SN, these galaxies have significant enhancement (roughly 
12, 6, 6, and 3 times correspondently), so we can expect pro- 
portionally higher number of SGRs (and GFs from them). 
With the galactic rate ~ 4 flares in 25 years, for BATSE 
(4.75 years equivalent of all-sky coverage) we can expect 
roughly 8-9 GFs from M82, 4-5 GFs from each of NGC 253 
and NGC 4945, and 2 GFs from M83 (it total about 20 GFs 
from four galaxies during the BATSE life cycle). 

It is useful to check if in the BATSE catalogue 3 there are 
potential SGR-candidates in these four galaxies. We have to 
look for short bursts with T90 at least less than 2 seconds 
(the burst from SGR 1627-41 was longer than initial strong 
spikes from three other SGRs). Another criterium is fluence. 
Taking into account large distances to host galaxies we do 
not expect SGR candidates to be bright (expected fluences 
< 10~ 7 erg cm -2 ). Then we have to select only relatively 
soft bursts, as GFs are softer than typical GRBs 4 . 

All GRBs for which at least one of the four galaxies 
appears inside the error box are given in Table 2. For each 
burst we give its number, coordinates, error box radius, T50 
and T90, maximum fluence (maximum among four channels), 
and softness (the ratio of the 1st to the 3rd channel). Coor- 
dinates and error box radii are given in degrees. 

There are many short burst coincident with one of the 

2 Note, that distances are also uncertain, but the precision for 
them is much better. 

3 http:/ /cossc. gsfc.nasa.gov/batsc/ 

4 A hard tail in the spectrum of 5 March event starts at E > 
430 keV iGolenetskii et alJ Il979h . so it doesn't influence the 
third channel with 100 < E < 300 keV; see also fig. 14.8 in 
iWoods fc Thompsor]|2004l) 



four selected galaxies, (still, a significant number can be 
projected onto the region around a particular galaxy by 
chance). Only one of them - 7970 - is soft. So, only this 
burst can be considered as a reasonable candidate. However, 
Tqo = 0.387 s seems to be long for a typical GF. 

The main conclusion of this analysis can be such that 
we found no good candidates GFs from hypothetical SGRs 
in M82, M83, NGC 253, and NGC 4945. However, if our 
assumption about softness of GFs can be soften several can- 
didates can be proposed. This result can be used to put 
constraints on the number of SGR sources in these galax- 
ies, on the frequency of GFs or/and on the maximum flux 
during a GF (Popov, Stern in prep.). 



3 HYPERFLARES FROM VIRGO AND FROM 
GALAXIES WITH EXTREME 
STARFORMATION RATES 

The situation with HFs (like the 27 Dec 2004 one) is quite 
different as the BATSE maximum detection distance for 
such events is larger by about an order of magnitude. Hav- 
ing a limiting distance w 50 Mpc we can roughly esti- 
mate a number of GFs and HFs from this volume. We 
assume that this number can be scaled from the galac- 
tic one using the number of galaxies or the starformation 
rate (SFR). Inside 50 Mpc we can use several estimates. 
For example, iDuncanl i200ll) uses the following expression 
to obtain an estimate of a number of galaxies similar to 
the Milky Way: N Ga i = 0.0117 hl 5 R 3 Mpc . For R = 50 Mpc 
we obtain about 1500 galaxies. So, for 4.5 years of obser- 
vation we can expect nearly 800 GFs and about 200 HFs 
assuming 3 GFs and 1 HF observed in the Milky Way 
in 25 ye ars. Similar estimates ca n b e obtained using est i- 
mates of lBrinchrnjfflrT_et al.l j2004h and lGalleeo et ail il995f) . 
iBrinchmann et al.l (120041) provide the following value for 
SFR density at z = 0.1: 0.01915 M Q /yr/Mpc 3 . Inside 50 
Mpc it gives w 10 4 M /yr/Mpc 3 . SFR for the Milky way is 
estimated to be few solar masses p e r yea r. So, the ratio is 
about few thousands. iGalleeo et alJ (Il995t) estimate SFR in 
star-forming galaxies for z < 0.045 as 0.013 A/o/yr/Mpc 3 . 
It gives w 68OOM /yr/Mpc 3 inside 50 Mpc. All three esti- 
mates are in good correspondence. So, having one HF in ~30 
years in our Galaxy we can expect few hundreds HFs during 
the BATSE lifetime potentially detectable by this satellite. 

The largest struct ure up to R ~ 50 Mp c is the Virgo 
cluster of galaxies (see iBinggeli et alJ il987T> for all details 
about the cluster). It includes about 1300 galaxies (includ- 
ing 130 spirals). BATSE should be able to detect HFs from 
Virgo cluster as fairly strong bursts. It is important to esti- 
mate an expected number of GFs and HFs from Virgo. How- 
ever, there are several galaxies with significantly enhanced 
starformation. So, roughly we can estimate that the SFR in 
Virgo is about few hundreds time larger than in our galaxy. 
We can expect up to one hundred HFs during the BATSE 
lifetime if we assume the rate in the Galaxy about 1 in 30-40 
years. 

Despite these optimistic predictions no anisotropy in 
distribution of short GRBs or any correlations with known 
type of objects were found. Here we want to adress another 
possibility — observations of HFs by BATSE from particu- 
lar galaxies outside the Virgo cluster. Of course, this large 
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Table 2. GRBs coincident with SF galaxies 



Trigger a 6 Error T50, T90, Maximum Softness 

number box s s fluence 



M82 



2054 


164.33 


66.15 


17 


.91 


2160 


150.84 


68.81 


2 


.15 


2660 


157.28 


70.08 


3 


.02 


2821 


124.84 


60.59 


13 


.53 


3118 


117.57 


80.37 


34 


.15 


3915 


96.66 


65.27 


61 


.91 


6219 


170.66 


70.18 


9 


.54 


6255 


148.68 


60.79 


12 


.71 


6488 


155.76 


76.41 


9 


.94 


6547 


155.18 


62.23 


13 


.58 


7297 


140.07 


76.39 


9 


.53 


7552 


137.56 


65.9 


6 


.15 


7970 


136.87 


64.49 


8 


.48 



11 


.072 


123 


.136 










6 


.464 


16. 


.896 


79.451e- 


-08 





.613 





.152 


0. 


.392 


67.355e- 


-Of) 





.122 





.136 





.232 


18.628e- 


-08 





.059 





.080 





.200 










1 


.856 


2 


.752 


1.1506e- 


-07 





.014 


1 


.152 


2. 


.240 


6.3462e- 


-07 





.333 





.029 


0. 


.097 


1.0350e- 


-07 





.129 





.438 


1. 


.141 


6.5662e- 


-07 





.050 


11 


.648 


63 


.296 


5.8479e- 


-07 


1 


.122 





.157 





.387 


6.0876e- 


-08 





.343 



M83 



1485 


202.01 


-29.98 


9.65 






50.284e-08 





.501 


1510 


198.84 


-34.35 


7.29 












2349 


203.15 


-31.88 


6.19 


1.696 


4.032 


21.409e-08 





.426 


2384 


203.8 


-18.21 


17.81 


0.128 


0.192 


84.657e-09 





.309 


2596 


211.51 


-27.07 


19.74 












2756 


209.39 


-23.16 


9.65 












5444 


199.44 


-31.51 


4.94 












6447 


191.44 


-36.6 


14.77 


0.256 


1.024 


6.0229e-08 





.159 


6708 


206.73 


-29.7 


3.02 


3.904 


12.160 


1.0452e-06 





.051 


7361 


204.17 


-28.29 


7.28 


0.960 


1.856 


7.8501e-08 





.121 


7385 


203.02 


-27.81 


3.59 












8076 


199.39 


-29.98 


7.39 


0.075 


0.218 


3.1075e-07 





.072 



NGC 253 








2140 


9.08 


-24.03 


4.34 


2312 


14.72 


-33.56 


8.93 


2325 


12.7 


-24.78 


13.55 


3908 


11.56 


-27.25 


7.96 


6135 


9.06 


-22.84 


8.79 


6648 


10.26 


-26.97 


2.52 


6918 


4.86 


-30.74 


13.24 


7551 


13.78 


-24.45 


3.75 



6.784 


19.072 


48.766c-08 


1.070 


0.112 


0.272 


45.113e-08 


0.082 


16.448 


22.528 


39.642e-08 


0.218 


5.344 


13.920 


59.805e-08 


0.203 


1.856 


4.032 


1.4354e-06 


0.119 


24.512 


88.384 


1.7639e-06 


0.061 


53.248 


119.616 


6.8409e-07 


1.665 



NGC 4945 



108 


201.31 


-45.41 


13.78 


1.280 


3.136 


14.604e-07 


0.259 


1167 


209.4 


-45.74 


10.04 


7.552 


24.576 


22.754e-08 


0.330 


2405 


197.74 


-44.32 


11.28 


25.088 


64.014 


83.646e-08 


0.155 


2800 


200.29 


-47.94 


15.92 


0.320 


0.448 


35.153e-08 


0.072 


3895 


189.39 


-47.72 


6.99 


0.384 


0.768 


42.483e-09 


0.135 


6447 


191.44 


-36.6 


14.77 


0.256 


1.024 


6.0229e-08 


0.159 



volume (R < 50 Mpc) cannot be dominated by few star- 
forming galaxies, nevertheless, some peculiar objects can be 
considered as important targets to search for HFs from ex- 
tragalactic SGRs. 

In the Universe there is a small amount of galaxies with 
extreme SFR - "supernova factories". They have core col- 
lapse SN rate up to two orders of magnitude higher than 
in the Milky Way. Up to the limiting distance of detection 
of a HF by BATSE there are two prominent objects of that 



kind: Arp 299 jNeff et all2004h and NGC 3256 jLipari et alJ 
l2004h . We propose to look for HF candidates in the direction 
of these two galaxies. 



5 iHurlev et alJ l2005h suggested that flares even stronger then 
the one of Dec 27 can be expected from younger SGRs. Without 
any doubts the best place to look for them are these two galaxies 
(and objects similar to them). 
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Table 3. GRBs coincident with extreme SF galaxies 



Trigger a 6 Error T50, T90, Maximum 

number box s s fluence 



Arp 299 

2265 180.2 

3118 117.57 

6547 155.18 



59.57 8.32 0.256 
80.37 34.15 0.136 
62.23 13.58 0.029 



0.456 10.557e-08 
0.232 18.628e-08 
0.097 1.0350c-07 



NGC 3256 

2372 161.1 -36.01 8.84 0.072 0.256 64.178e-09 

2485 173.45 -40.09 18.39 0.128 0.176 34.750c-09 



Knowing a SN rate in a given galaxy we can obtain an 
estimate of a HF rate. In the Galaxy only one HF in 30 years 
was observed. (By the way it is roughly coincedent with the 
core collapse SN rate.) The SN rates in Arp 299 and NGC 
3256 are about 1 per year. So, we can expect about 1 HF 
per year from each of them. During the BATSE lifetime few 
such events can be expected. 

The fluence fo r the 27 Dec event was estimated in 
iHurlev et alJ i2005t) as 1.36 erg cm -2 . The distance is about 
15 kpc. For 40 Mpc (distance to Arp 299 and NGC 3256) 
we can expect fluences about 10 -7 erg cm -2 . 

In the BATSE catalogue 6 we looked for short GRBs 
with known timing and fluences coincident with Arp 299 
and NGC 3256. On the whole (among 2704 GRB coordi- 
nates of which we used) error boxes of 12 appeared to be 
coincident with Arp 299 and 6 with NGC 3256. From these 
set five short hard bursts with known fluences were selected 
(Table 3): three from the direction of Arp 299 (for one an- 
other very short burst - the trigger number 3915 - fluences 
are not given) and two from NGC 3256 (however, another 
burst with the trigger number 6278 can be a possible can- 
didate). All five GRBs look like short spikes in the BATSE 
data. We propose that these 5 GRBs can be good candidates 
to be HFs. Of course, some amount of events can be coinci- 
dent with these galaxies by chance, and such a probability is 
not low. 7 Still, we think that our finding is worth discussing. 
Future and present day missions with better angular reso- 
lustion (like Swift and, probably, Integral and HETE) can 
shed light on the association of short GRBs with galaxies 
with high SFR. 



4 CONCLUSIONS 

We discussed the connection between SGRs and starforming 
galaxies. Our suggestion is that few well know galaxies with 
large SFR are the best candidate sites to look for SCR flares. 
For the case of GFs we especially mention such close-by 

6 http:/ /cossc. gsfc.nasa.gov/batse/ 

7 For example, three bursts with large error boxes - 3118, 3915 
and 6547 — appeared to be coincident both with M82 and Arp 
299; and 6447 with M83 and NGC 4945. 



galaxies as M82, M83, NGC 253, NGC 4945. For HFs we 
point to "supernova factories" Arp 299 and NGC 3256. 

We found 5 candidates (3 in the direction of Arp 299 
and 2 in the direction of NGC 3256) which can be HFs. 



ACKNOWLEDGMENTS 

I want to thank Drs. B.E. Stern and M.E. Prokhorov for 
many discussions and suggestions. The work was supported 
by the RFBR grants 04-02-16720 and 03-02-16068. 



REFERENCES 

Binggeli B., Tammann G. A., Sandage, A., 1987, AJ 94, 
251 

Brinchmann J., Chariot S., White S.D.M. et al., 2004, MN- 

RAS 351, 1151 
Duncan R.C., 2001, in Proc. 20th Texas Symposium 

on relativistic astrophysics, AIP conference proceedings, 

Vol. 586. Eds. J. Craig Wheeler and H. Martel, p. 495 

[astro-ph/0103235| 
Engelbracht C.W., Rieke, M.J., Rieke, G.H., Kelly, D.M., 

Achtermann, J.M., 1998, ApJ 505, 639 
Gallego J., Zamorano J., Aragon-Salamanca A., Rego M., 

1995, ApJ 455, LI 
Golentskii, S. V., Mazets E.P., Il'inskii, V. N., Guryan, Iu. 

A., 1979, Soviet Astron. Let. 5, 340 
Heckman T., 1998, in "Origins", ASP Conference Se- 
ries, Vol. 148, 1998, Eds. Charles E. Woodward, J. 

Michael Shull, and Harley A. Thronson, Jr., p. 127 

[astro-ph/9708263| 
Hurley K., Bo ggs S.E., Smit h D.M. et al., 2005, Nature (in 

press) =astro-ph/0502329 
Lipari S.L., Diaz, R.J., Forte, J.C., et al., 2004, MNRAS 

354, LI 

Mazets E.P., Golentskii, S. V., Il'inskii, V. N., Aptekar, R. 

L., Guryan, Iu. A., 1979, Nature 282, 587 
Nakar E., Gal-Yam A.. Piran T.. Fox D.B., 2005. 

astro-ph/0502148 
Neff S.G., Ulvestad, J.S., Teng, S.H., 2004, ApJ 611, 186 
Pietsch W., Roberts, T.P., Sako, M., et al. 2001, A&A 365, 

L174 



© 0000 RAS, MNRAS 000, 000-000 



Soft gamma repeaters and starforming galaxies 5 

Woods P.M., Thompson C, 2004, astro-ph/0406133 



© 0000 RAS, MNRAS 000, 000-000 



